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INTRODUCTION 
Phytotoxicity of a diverse group of organic chemicals 
has recently received much Interest, because of both the 
effects of these cheialoals on plant metabolism and their use 
as herbicides. Toxicity of some of the chemicals Is known 
only through the results of screening programs designed to 
evaluate many compounds for herblcldal potential, while the 
effects of others on plant growth have been Investigated 
extensively. The former procedure is necessarily limited in 
sensitivity, and may fall to detect small differences between 
compounds of similar structure and effect. Indications from 
field applications of 2,4-dichlorophenoxyethyl sulfate, 
hereafter designated as SES, have been that this material, 
although structurally analogous to 2,4-dlohlorophenoxyaoetic 
acid, or 2,U^D, does not evoke identical plant responses. 
Further indications have been that a third analogue, 2,4-
dlchlorophenoxyethanol, or 2,ii-DE, may be responsible for 
the toxicity which follows soil treatment with SES, and that 
this third analogue may react somewhat differently from the 
other two. 
This investigation w&b conducted in the hope of eluci­
dating the differences in plant response to the three chem­
icals, SES, 2,i^-DE, and and of determining how these 
differences might be Influenced or modified by environmental 
conditions. 
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REVIEW OF LITERATURE 
Phytotoxiolty of SES was first reported by King and 
Lambrech (19^9). Since then numerous reports of experiments 
with 3S8 have appeared, many of them describing only results 
of weed control or crop response to the chemical, with a 
few containing some indication of the influence of environ­
mental factors on phytotoxicity. 
In addition, a small number of papers contains informa­
tion which helps to clarify the problem of variable plant 
response to the chemical. The voluminous literature con­
cerning the properties and use of 2,^D will be reviewed 
insofar as such information is relevant to the problem at 
hand. 
King and Lambrech (19^9) first described SES as a 
"germinative toxicant" because of the reetriction of its 
activity to germinating seeds. In this respect the toxicity 
of SES was reported to compare favorably with 2,4-D. Appli­
cation of SES to the soil of potted plants was reported to 
produce slight epinastic responses In plants known to be 
sensitive to 2,4-D, while applications of spray or dust of 
SES to foliage of such plants produced little, if any, 
affect. It was soon reported by King (1950) that the chem­
ical per se was not phytotoxic, but that some change in SES 
was necessary before it could affect plant growth, and al­
though the nature of the change was not known, it was shown 
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to be associated with microbiological activity. The subse­
quent work of King, Lambrech and Finn (1950) indicated that 
slight formative effects might accompany soil applications 
of SES to extremely sensitive or shallow rooted plants, or 
to newly established stands of vegetatively propagated 
plants. These observations gave an early indication that 
the toxicity of SES might be associated with the degree of 
conversion of the parent compound to the active form, and to 
the relative tolerance of small and large plants to various 
concentrations of the active material in the soil. If 
effective dosages of growth-regulator type chemicals were 
proportional to plant size, then low levels of toxic ma­
terial could account for the observed effects on germinating 
seeds and small seedlings, while concentrations sufficient to 
inhibit growth of larger plants might not exist in the soil 
because of slow or incomplete conversion of SES to an active 
form. 
Linder (1951) found that SES applied to lower leaves of 
broadleaf plants was not absorbed and translocated in suf­
ficient quantities to injure other parts of plants. How­
ever, as his appraisal of absorption and translocation was 
based on obsei^ed growth effects, and SES per se is known to 
be inactive in this respect, it is doubtful that he obtained 
a true measure of absorption and translocation of SES it­
self. Linder did observe that soil applications killed all 
plants tested (snap beans and oats) at the highest dosage 
levels used. This result corroborated the earlier observa­
tions of King et al. (1950) of the necessity for some bio­
logical conversion of SES to an active compound. Carroll 
(1952a) reported that SES was hydrolyzed to 2,^dlchloro-
phenoxyethanol (2,^DE) and sodium acid sulfate In unsterl-
llzed soli or In extracts of such soil, and In sterile solu­
tions of pH k or less. No hydrolysis occurred In sterile 
solutions of pH ^  or greater. Carroll confirmed the results 
of tests with sterile and non-sterlle soils by King e^ al. 
(1950)# and made comparisons of toxicity of SES, 2,4-DE and 
sodium 2,4-D by leaf Immersion, total plant Immersion, soli 
application and solution applications to excised plants, 
using tomatoes as experimental material. Slight responses 
to foliage applications of SES and ethanol were noted, with 
responses Increasingly pronounced In applications to excised 
etemg, to roots, and to the soil of potted plants. 
Ho explanation was offered for activity following entry 
shrough Incised stems or roots and for lack of response to 
foliage application except that translocation of the toxic 
compound might occur only in xylem elements, and not in 
phloem. This hypothesis was substantiated by Immersion of 
tomato leaves into solutions of the chemicals. Leaves with 
tips removed showed greater response than Intact leaves. 
There was no discussion of possible differential absorption 
through intact and incised surfaces, even though in each 
case such a difference existed. Carroll also investigated 
the use of riboflavin to counteract the effects of eodium 
and 2,^DE. The two showed similar phytotoxlclty In 
the cucumber bloassay of Ready and Grant (19''+7), but the 
addition of riboflavin to the solutions counteracted the 
effects of more than those of 2,i>-.DE. On the basis of 
these results Carroll suggested a different mechanism of 
action for 2,4-0 and 2,4»DE. In another paper, Carroll 
(1952b) reported the toxicity of 2,4-DE to tomato plants to 
be about 1/100 that of equivalent amounts of 2,4-D. He also 
surveyed cultures of 26 unidentified soil organisms for the 
ability to activate SES under alkaline conditions. About 
half were effective. Carroll concluded that enzymatic hy­
drolysis of SES by certain micro-organisms was Indicated by 
these tests. 
A series of papers by Vlltox has done much to explain 
the biological phenomenon Involved In the conversion of SES 
to 2,4-DE. In the first paper, (Vlltos, 1952a) conversion of 
SES to a phytotoxlc form was found to occur In sterile soil 
samples at pH 3 and if, and In non-sterile soil samples at 
pH 3, 5.5. ®-nd 7. No conversion occurred at pH 8, regard­
less of whether or not the soil was sterile. The conversion 
was thou^t to be an acid hydrolysis of the ethyl sulfate 
to an active form, either in an acid solution or as a result 
of acids fonaed by bacteria and fungi. Extracts or soils 
treated with SES and stored for 48 hours at 0, 24, and 30*^ C. 
were tested for phytotoxiclty. The extract of the soil 
stored at 0® was not toxic, while extraote from samples 
stored at 24® and 30® inhibited the germination of cucumber 
seeds, Vlitos (1952b) also described the isolation of an 
organism which was shown to effect the conversion of SES to 
an active form. Isolates of bacteria, actlnomycetes and 
fungi were tested, and two bacteria were found to be effec­
tive, one of which was identified as Bacillus cereus var. 
myooldes (Plugge) Smith, Oordon and Clark. Cell-free fil­
trates of cultures of this organism activated SES in solu­
tions of pH 8.3 to 8.5, precluding the possibility of acid 
hydrolysis as the pathway of activation. Autoclavlng the 
filtrates destroyed their effect. These data suggested en­
zymatic hydrolysis of SES. 
Vlitos (1953) continued his studies with an investiga­
tion of the rate of the conversion under conditions pre­
cluding acid hydrolysis, and a comparison of the plant growth 
regulating activity of SES, 2,4-DE, 2,4-D and some additional 
SES analogues. He also continued investigation of the or­
ganisms responsible for the conversion and the metabolic 
processes Involved, and tried to identify the actual growth 
regulating compound with greater certainty. Utilizing ex­
tracts of soil samples treated with SES, a quantitative 
colorimetrie assay for 2,4-DE and a qualitative oolorimetrlc 
determination for 2,4-D were developed. The 2,4-D test was 
demonstrated to "be free from Interference by SES or 2,i|-DE, 
but no indications were reported as to the reliability of the 
quantitative test for 2,4-DE in the presence of SES or 2,4-D. 
The effect of pH on the activation of SES was confirmed, 
using the cucumber bioassay method. Conversion was directly 
related to temperature in the range of 1® to 25® C., and 
although conversion at 1° C. was slower than at higher temp­
eratures, pronounced growth-regulatory effects were detected 
in the soils stored at the lower temperatures. Additional 
experiments showed that most of the conversion to the active 
form occurred during the first hour of Incubation, with a 
continuing slow conversion during the next two hours. Com­
parison of SES with 2^4-DE in the cucumber root elongation 
test indicated that 2,^DE was more active than SES, and 
that SES was active only in the presence of non-sterile soil. 
Tests of the responses of potted tomato plants to applications 
to the soil indicated that the two compounds were roughly 
equivalent in activity. Quantitative conversion of small 
amounts (0.02 mg.) of SES to 2,^DE was found in non-sterile 
soil, but percentage recovery decreased with increasing 
amounts of SES, until only about 50 percent of 80 mg. of SES 
could be recovered as 2,4-DE. The presence of 2,4-D was 
also demonstrated in soil extracts following treatment with 
either SES or 2,4-DE. Thus two very active plant growth 
regulators were detected in soil samples subsequent to treat­
ce­
ment with SES. The bacteriological work reported In an 
earlier paper (Vlltos, 195213) was repeated and expanded. The 
same organism, B, oereue var. mycoldes. was shown to effect 
the conversion of SES to 2,4-DE, but no positive tests for 
2,4-.D were obtained in cultures containing this organism, 
indicating that one or more additional processes were Involved 
in the conversion of 2,4-DE to 2,4-D. Acetobacter aceti 
(Kutzing) Beljerinck was tested for ability to oxidize the 
ethanol side chain of 2,^DE to acetic acid, with no positive 
results. A tentative over-all scheme for the conversion of 
BES to active compounds in non-sterile soil was outlined; 
2dichlorophenoxyethyl sulfate is hydrolyzed to 2,4-
dichlorophenoxyethanol, which in turn is oxidized to 2,4-
dichlorophenoxyacetlc acid. 
Supporting evidence for the biological nature of the 
conversion of SES was provided by Kratochvll (1951) who 
examined microbiological activity in soils treated with 
various herblcldal chemicals, including SES, and found in­
creased activity following the application of 2, 4, and 8 
pounds of SES per acre. 
Significant contributions toward the elucidation of the 
nature of the decompoBltion process affecting plant growth 
regulators in the soil have been made by L. J. Audus. The 
technique basic to his studies has been a modification of 
the soil perfusion apparatus and technique of Quastel and 
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Lees, described by Audus (19^6). This apparatus provides for 
a oontinuous cyclic flow of a perfusing solution through a 
soli column, with provision for periodic withdrawal of 
samples of the solution. Operation of the unit can be con­
tinued for as long as desired. Audus' first report of these 
Investigations (19^9) described the biological detoxifica­
tion of 2,4-D In soil. The Initial concentration of 10 ppm 
of 2,4-0 was retained in the perfusing solution for the 
first eight days of operation of the apparatus, after which 
It disappeared within two days. Subsecjient additions of 10 
and 100 ppm of 2,4-D to the same soil samples resulted In 
rapid and complete disappearance of the 2,i>-D with no ini­
tial lag period. With a beginning concentration of 100 ppm 
2,4-D in the apparatus the lag period lasted 13 days. Mano-
metric studies of soil samples previously perfused with 2,4-0 
showed no Increase in ©£ uptake, suggesting detoxlcatlon 
through a hydrolytlc rather than an oxidative mechanism. 
Detoxified perfusates stlstulated elongation of roots, but 
the substance responsible for the stimulus was not identified. 
Audus (1950) succeeded in isolating an organism of the 
Bacterium globiform group of Lockheed and Taylor which en­
hanced the rate of breakdown of 2,4-D in perfusion solutions, 
but which would not grow in liquid medlti® with 2,4-D as the 
only source of carbon. This organism is widely distributed 
in soils, and could, through selective proliferation of a 
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epeelally adapted mutant or through adaptive development of 
an enzyme or enzyme system, be responsible for the disappear­
ance of from soils. Newman and Thomas (1950) con­
ducted a similar study In which preti:»eatment of soil with 
was found to reduce the persistence of subsequent ap­
plications of Z,k^D. Pretreatment with a series of analogous 
compounds revealed a wide range In effectiveness In acceler­
ating breakdown, ranging from one equal to 2,4-D Itself 
with l-methoxy-2,^-dlchlorobenzene, to no effect with 
phenoxyacetlc acid. Evidently there Is a special require­
ment of iEoleoid.ar structure prerequisite for such activity. 
In liquid media disappearance of 2,4-D was speeded by Inocu­
lation with soil previously treated with 2,4-D, but Inocula­
tion with bacterial cultures alone did not enhance the de­
composition of 2,^D. There was evidently a requirement for 
some substance contained In soil In these processes. In 1951 
Audus expanded his previous work to prove the biological 
nature of the detoxification process, and to compare the 
activity of soils perfused with one growth regulator on the 
breakdown of a different growth regulator. The biological 
nature of the detoxification was proved by destruction of 
this activity by bacterial poisons, and by demonstrating the 
breakdown process In Inoculated solutions perfused through 
glass wool plugs Instead of soils. Differences In breakdown 
rates were demonstrated for perfusates which originally con-
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talned 2,ih-'D or 2-aethyl-4-.ohlorophenoxyacetlc acid, and 
whlcli were subsequently utilized for breakdown of 2,^,5-trl-
chlorophenoxyaoetlc aold. Continued work on this problem by 
Audus (I952&) suggested phenol as an Intermediate In the 
breakdown process, but no accumulation of phenol In Bolls 
treated with growth regulators was found. It was suggested, 
however, that phenol might be a quickly-metabolized Inter­
mediate. 
These Investigations, while not concemed specifically 
with SES or 2,^DE, are relevant In that they describe 
transformations of close analogues of these compounds, Audus 
(1952b) did approach this problem directly, and employed the 
perfusion technique to confirm his assumption that 2,4-D and 
not was the end-product responsible for phytotoxlclty 
of SES. This confirmation was based on an agreement of 
curves representing the detoxification of 2,4-D and the 
active substance derived from SES and on the similarities of 
values of 2,4-D and the unknown toxicant on paper chroma-
tograms. In a further note, Audus (1953) reported no evi­
dence of an accumulation of 2,ii-DE In perfusates originally 
containing SES. He found only one toxic compound on chroma-
tograms of such perfusates, and It corresponded to 2,4-D. 
No R|, for 2,4-DE was reported. Audus' easplanatlon was that 
the conversion of SES to 2,4-DE was limiting In the soil, 
and that the shape of the tlme-toxlclty curve Is a direct 
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reflectlon of the hydrolysis activity. He proposed that a 
different organism was responsible for the oxidation of 
2,4-DE to 2,^-D, and that this process was so rapid and com­
plete that the ethanol could not be detected, even in his 
sensitive assay. A further note by Vlitos and King (1953) 
reiterated their belief that Vlitos' original proposal was 
correct, and reported no success in attributing herbicidal 
activity in soils following application of SES exclusively 
to any one active growth regulator. 
It is apparent from the discussion so far that the 
separation and assay of the two growth-regulators, 2,4-D and 
2,^f-DE, pose a serious problem, the solution of whl<^ would 
be of definite value in a study of the effects of SES and 
Its analogues. Kuaierous assays have been developed for 
2,4-D, Including the corn root elongation test of Swanson 
(19^6), reportedly accurate in the range of concentration of 
0.01 to 2.0 parts per million, the cucumber root and shoot 
elongation method of Ready and Grant (19^7), useful in the 
range of 0.01 to 10 ppa, and the technique for screening 
chemicals for herbicidal activity reported by Brown (1953). 
However, bloaasays fail to distinguish between different 
compounds causing similar responses but measure only the 
total apparent activities of all such compounds present, 
caiemlcal assays have been developed by Rooney (19^7), Freed 
(19^), and Marquardt and Luce (1951), but these provide only 
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fov the determination of 2,4~D. The speetrophotometrlc 
technique of Bandurekl (19^7) Is applicable in the range of 
2,if-D concentrations of 6 to 250 ppm, but deteraination of 
2,4-D and 2ji|~DS In the same solution is impossible because 
of the close similarity of absorption spectra of the two 
compounds. Recent advances in paper chromatography of auxins 
and plant growth regulators by Luckwill (1952), Bennet-^Clark, 
et al. (1952), and Audus and Thresh (1953) indicative 
of Improved methods to come, but to date there has been no 
satisfactory chromatographic separation of 2,4-D and 2,4-DE. 
The work of Vlitos (1953), already reviewed, contains a 
description of a chemical nfflthod for analysis of 2,4-DE, but, 
as has been pointed out, no indications of the reliability 
of this test in the presence of 2,4-D were reported. 
In the following section some experiments with all 
three of the analogues, SES, 2,4-DE and 2,4-D, in both the 
laboratory and the field will be reviewed, with emphasis on 
the response of growing plants to these compoundsi. 
Zimmerman and Hitchcock (19^2) first described the growthr-
regulating properties of 2,4-D, Slade. et al. {19'^5) intro­
duced the idea of differential species responses to appli­
cation of the chemical in the field, and Nutman, e^ al. 
(19^5) reported inhibition of seedling growth by 2,k^D as 
well as by other growth regulators, weaver (19^) tested 
the effects of various concentrations of 2,4-D applied to 
-14-
follag® of bean plants on the subsequent growth of various 
plant parts, and foimd Increased fresh weight of the various 
components of treated, plants due to greater hydration of the 
tissues. He found fresh weight of trifoliate leaves to be 
the beet criterion of inhibition of growth. Allard e^ al. 
(19^6) described morphological abnormalities in seedlings 
germinated in soils treated with growth regulators. They 
noted that Br>eoiee tolerance was minimized when soils were 
treated prior to seed germination, and that most responses 
were in the form of reduced or abnormal growth rather than 
complete inhibition. Similar findings were reported by 
Hamner e^ ad, (1946a). The use of growth regulators as 
herbicides was initiated by the work of Marth and Mitchell 
(1944) and since that time numerous reports of research of 
this type have appeared, many including more or less detailed 
observations of growth responses of plants to various phyto-
toxlo chemicals. Everson and Dunhaa (1951) recoiled the 
effects of 2,4«-D on germination and growth of weed and crop 
seed, finding injury to seed exposed to 2,4-D under various 
conditions prior to germination. Hansen and Buohholtz (1952) 
also found differences in rate of absorption and response to 
2,4-D in different lines of corn, plus an effect of pH of 
the 2,4-D solution on rate of absorption of the chemical. 
It was suggested that the 2,4-D molecule was more readily 
absorbed than the ion, or that the permeability of cell mem­
-15-
branes was Influenced by changes in acidity. The absorption 
of 2,if-D was found to lag about four hours behind that of 
water In pea seeds, and 12 hours behind water In corn. 
During this period SES was used by numerous Investiga­
tors In their attempts to solve certain problems In weed 
control. In their original paper describing SES, King and 
Lambreoh (19^9) reported weed control from soil applications 
of SES to be equal to that from 2,JWD. Other Investigators 
(King, 1950• Marshall, 1952, Jacob, 1952, Noll and Odland, 
1952, Sweet and Rles, 1952, 1953, Rles and Sweet, 1953, Dolan, 
1953, Perkins, 195^, Cunningham and Trevett, 195^) have re­
ported using SES In both pre- and post-emergence applications, 
with results ranging from excellent weed control with little 
crop Injury to inadequate weed control with some crop damage. 
These tests were conducted in the field with applications of 
the various chemicals made to the soil. Considering the 
known complexity of soil-plant relationships, it is not 
surprising that the addition of chemicals possessing growth 
regulating properties should evoke complex responses. Many 
investigators have examined these responses, and an early 
Indication of a soil-chemical interisiction was found by 
Nutman ejb (19^5) who applied B-indoleacetic acid and -
naphthylacetic acid to red clover seedlings in soil and in 
agar cultures. Concentrations of 0,1 ppa were toxic in agar, 
while 10 ppm wag required for similar response in soil. Also, 
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for a fixed concentration of growth regulator, less growth 
response occurred In aolls containing higher levels of organic 
matter. The effects of these chemicals at 100 ppm In the 
soli solution persisted for 36 days in the laboratory, and 
soils containing 10 ppm retained some activity after being 
leached with 5.6 inches of surface water. Thus these investi­
gators considered adsorption, decomposition and leaching as 
causes of the disappearance of growth regulators from the 
soil. 
The following section deals with reports covering the 
fate of growth regulators in the soil. This phase of investi­
gation has received considerable attention, which attests to 
its importance from the viewpoint of field use of growth 
regulators, in chemical weed control. 
The effect of 2,4-D on seeds germinated in muck soil 
and in manure was investigated by Hamner, et {I9^a) 
who obtained normal germination and growth of a variety of 
weed seed four weeks after applications of 100 parts 2,4-D 
to 1000 parts air-dry muck. Krles (19^7) found that addition 
of leaf mold to soil reduced the toxicity of 2,4-D applica­
tions. Weaver (19^7» 19^) was able to grow normal plants 
in soil containing high concentrations of 2,4-D adsorbed on 
exchange resins or activated charcoal, and prevented typical 
damage from foliage applications of 2,4-D by concurrent ap­
plication of adsorbents to plant foliage. Hernandez and 
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Warren (1950) found that leaching of 2,4-0 from soil was 
reduced with Increasing organic matter content, and Dallyn 
(195^) reported lees crop damage from application® of SES to 
crops on soils of high organic content. Audus (1951) found 
from 0.08 to O.39 mg. of 2,4-D adsorbed per gram of garden 
soil, but found the adsorbed herbicide still effective in 
reducing growth of seedlings in soil. 
Many of the investigators studying the persistence of 
2,4-D in soils have obtained similar results in their investi­
gations. fhus DeRose (1946), Mitchell and Marth (1946), 
Hamner et (1946b), Kries (1947), DeRose and Newman (1948), 
Brown and Mitchell (1948) and Weaver (1948) all found a 
direct relation between concentration of 2,4-D in the soil 
and persistence of toxicity, as well as between concentra­
tion and toxicity. Increased rate of detoxification with in­
creasing moisture content of treated soil was observed by 
Mitchell and Marth (1946), Kries (1947), DeRose and Newman 
(1948), Brown and Mitchell (1948), Jorgensen and Bamner (1948) 
and Hernandez and Warren (1950). with 50 percent loss of 
activity in air-dry soil after 6 months' storage compared 
with detoxification of about 30 ppm in moist soil in seven 
days (Mitchell and Marth, 1946). Jorgensen and IBamner (1948) 
found slightly higher rates of detoxification in neutral or 
alkaline soils than in acid soils. Autoclaving soils treated 
with 2,4-D greatly reduced the rate of decomposition of the 
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ohealoal according to Brown and Mitchell (1948), DeRoee and 
Kewaan (19^8) and Hernandez and Wairen (1950), Taylor 
{1947a) observed increased growth of plants in soils which 
had been treated with 2,4-D, but from which phytotoxicity 
had disappeared. 
Leaching of treated soils has been observed to cause the 
movement of growth regulators in the soil to an extent de­
pending on the sunount of water applied and various other 
factors, DeRose (1946) found initial concentration of 2,4-D 
in soil positively correlated with toxicity after leaching, 
and he and Under (1952) detected greatest movement of 2,4-D 
in soils receiving hi^est applications of leaching water. 
Muzik et al. (1951) reported little movement of surface ap­
plications of five pounds of sodium salt of 2,4-.D per acre 
beyond the one-half inch depth, regardless of whether 1/4, 
1/2 or 1 in. of irrigation water was applied to treated soil. 
Hanks (1946) could find no differences in leaching of 2,4-D 
in limed and unlimed, soils, but did observe longer persistence 
of toxicity in leached sandy clay than in peat soil under the 
same conditions. As mentioned before, Hernandes and Warren 
(1950) found progressively faster leaching of 2,4-D as soil 
organic matter decreased, and Aldpi(^ and Willard (1952) 
found decreasing leaching rate ae clay content of an artifi­
cial soil mixture was increased. 
Field experiments have generally been in good agreement 
-19-
wlth laboratory work. Gockrum and Warden (19^9a, 19^9^)) ob­
tained evidence for the movement of SES In the soil when from 
1 to 2 In. of rain fell between pre-emergenoe application of 
the cheraioal and crop emergence. Arekeri and Dunham (1950) 
made similar observations, and also found more leaching in 
peat and sandy loam soils than in eilty clay loam or silt 
loam soils. Ellison and Jacob (1951) found that 2 in. of 
rain the day after application of SES to seedling potatoes 
moved the material from the surface, resulting in poor weed 
control and considerable crop injury. Sweet (195^) obtained 
beet weed control from both 2,4-D and SES applied before a 
1/2 in. irrigation, and also found approximately equal move­
ment of 2,^-D and BES in soil after more than 3 in. of irri­
gation and rain. 
The effects of growth regulators on respiration of 
plant material is an interesting study in itself, but because 
respiration studies in the present investigation were used 
merely as indices of possible injury, no comprehensive re­
view of the literature will be attempted. Brown (19^) 
studied the influence of 2,4-D on respiration of bean and 
wild morning glory plants, and found increased respiration 
following applications of the chemical. Hsueh and Lou (19^7) 
observed increased respiration of rice grain in low concen­
tration of 2,4-D (0.01 percent), and reduced rate at a higher 
concentration (0.1 percent) which also inhibited germination. 
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Taylor (I9^7b) found reduotions in carbon dioxide evolution 
and oxygen uptake of germinating wheat and mustard seed to 
be proportional to the concentration of 2,4-D in the applied 
solution. Ragai and Loomia (195^) described coaprehenaive 
experiments testing the effect of moisture, temperature, 
composition of atmosphere and contamination by micro-organ-
iems on the respiration of maize grain. Rates were posi­
tively correlated with moisture content, temperature and 
oxygen concentration. 
The responses of plants grown in nutrient solutions to 
inclusion of 2,^D in the solution were investigated by 
Taylor (19^a, 19^6b). He found direct relations between 
concentration, length of exposure, or concentration x 
exposure, and growth response. Taylor (19^c, 19^6d) also 
examined the relative toxicities of several chemicals in 
applications of this type, and compared the relative activi­
ties of equal concentrations of 2,4-D on plants grown in 
treated soils and in nutrient solutions. 2-^D was ^  - 5 
times as toxic in solution as in soil. 
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MATEHIALS AND METHODS 
The investigations described are classified into six 
groups; (1) ComparlBons of toxicity of SES, 2,4-DE and 2,4-D 
in foliage applications to soybeans, (2) Toxicity of SES, 
2,4-DE and 2,k-.D in solution culture, (3) Toxicity of combi­
nations of the chemicals, and the effects of additives on 
their toxicity, (4) Environmental effects on toxicity of SES, 
2,i|-DE and 2,4-D, (5) Behavior of SES, 2,4-DE and 2,4-D 
under various soil conditions, and (6) Effects of these 
chemicals on respiration of germinating corn. 
In comparisons of the toxicity of SES, 2,4-DE and 2,4-D 
in foliage applications to soybeans, young plants of the 
Hawkeye or Lincoln varieties were sprayed with aqueous solu­
tions of the chemicals at various concentrations, and growth 
responses measured. Six to eight Arasan treated seeds were 
planted in potting soil in four-inch pots. They were sub­
sequently grown under favorable conditions in the greenhouse. 
When emergence was complete the plants were thinned to three 
vigorous and uniform plants per pot, and the pots arranged 
into groups of comparable plants equal to the number of 
replicates to be used In the experiment, thus minirairing 
variation. Treatments were assigned at random to pots within 
replicates, and the experiments set up as randomized complete 
blocks. 
When the unlfollate leaves of the seedlings were fully 
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expanfled and the first trifoliate was still in the bud, the 
plants were sprayed while on a revolving turntable with a 
semi-micro sprayer oonsletlng of a DeVilbis paint gun operated 
at a constant pressure of 20 Ibe./in^. The solutions were 
measured into bearers from which they were applied to the 
plants with a fixed position of the spray gun. 
Growth response was meaeareA by an increase in green 
weight method similar to that of Weaver (1946) and Ennls and 
Boyd {19^6), Ten to 14 days after treatment all new growth 
above the unifoliate node was harvested and weighed. Re­
duction of fresh weight below control level was assumed to 
be a function of the toxicity of the treatment. Data were 
analyzed by the analysis of variance technique with L.S.D.'s 
at 0.05 and 0.01 levels of probability calculated and re­
ported when applicable. 
Toxicity of SES, 2,4-DE and 2,4-D in culture solutions 
was measured by a green wei^t of new growth technique simi­
lar to that described for the foliage toxicity tests. Ex­
perimental units consisted of two plants grown in the same 
Jar of solution. Roots of the soybeans were immersed in the 
toxic solutions for a number of hours, washed, and returned 
to nutrient solutions for 10 days to two weeks, depending on 
the rate of growth. Growth made after treatment was har­
vested and weighed, and the data analyzed by analysis of 
variance. 
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The nutrient solution used in these tests was the "P" 
solution of Franco and Loomis (19^7) with the minor elements 
iron, zinc, manganese and boron added. The composition of 
the solution is shown in Table 1. 
Table 1. Concentrations of salts in grcuns per liter used 
in nutrient culture solutions. 
Salt Q-rams/liter 
N%N03 0.286 
KCl 0.50 
MgSOi^ 0.50 
Oa^(POjj^)2 (colloidal) 1.00 
Pe as EDTA* O.O36 
Mn as EDTA 0.017 
Zn as EDTA O.OO8 
H3BO3 0,006 
•Ethylenediamine tetra-acetic acid. 
Seedlings were started in sterile quartz sand, moved to 
the nutrient solutions in quart Mason Jars when unifoliates 
were expanded, and treated when they had begun to grow in the 
solution cultures. 
The toxicity of combinations of SES, 2,4-DE and 2,4-D 
and the effects of addition of mineral ions on the conversion 
of SES were tested by a modification of the bloassay for 2,4-D 
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described by Ready and Grant (19^7). Samples of screened 
Webster sllty olay loam were weighed Into petrl dishes. 
Samples to be sterilized were autoclaved at 20 Ibs./in^. for 
30 minutes. Solutions of the various chemicals and additives 
were pipetted into the soil samples, with concentrations of 
the solutions adjusted so that the final moisture content 
of the soil was 60 percent. This technique avoided excess 
drying of the soil which might have reduced microbiological 
activity. 
After the solutions had been added and the moisture was 
distributed evenly throughout the soil, 20 cucumber seeds of 
the variety Early Fortune were planted on the surface of the 
Sfiuaple, the dishes covered, and held in an incubator at 
28® C, for 96 hours. Hypocotyl length of the seedlings was 
then measured to the nearest millimeter, and mean values were 
subjected to analysis of variance. 
The effects of duration of incubation period on the 
activation of SSS were examined in tests similar to those 
Just described except that the chemical was applied to non-
sterile soil which was then incubated for a specific time at 
a specific temperature before autoclaving to stop the con­
version process. Effects of moisture levels on conversion 
were tested in a similar way except that SES was added to 
the soil in a carrier of dry quartz sand. The water re­
quired for the desired moisture level was added and the soil 
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mixed by screening several times. Even the moisture in 
samples below field capacity, 21.9 percent, was distributed 
uniformly by this technique. 
Leaching studies were conducted on three soil types, 
Webster silty clay loam, Fayette medium silt loam, and Luton 
silty clay. Field capacity, pH, and loss on ignition of 
these soils are shown in Table 2. 
Table 2. Field capacity, pH, and loss on ignition of soils 
used in leaching studies of SES, 
2,J1kDE and 2,4-D. 
Soil type pH Field Lose on 
capacity ignition 
Webster silty clay loam 7.7-7.8 21.9 11.13 
Fayette medium silt loam 5.1 1^.6 3.70 
Luton silty clay 6.8 30.6 11.49 
Samples were collected in the field, screened and stored 
until used. Glass tubes 2 5/8 in. in diameter by 8 in. long 
were filled with loose aoil which was then compacted approx­
imately 20 percent. A double layer of cheese cloth retained 
the soil at the bottom of the tube. Columns to be sterilized 
were autoolaved at 20 Ibs./in^. for 30 minutes, and all soil 
columns were moistened by standing the tubes in sterile 
water and allowing the water to rise to the soil surface by 
capillarity. Each column was then placed on a small dish 
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of sand and allowed to drain for about 2k hours prior to use. 
Chemicals were applied to the soil surface In a carrier 
of 25 grams of dry quartz sand spread uniformly over the 
exposed area. An additional 100 grams of dry sand was 
superimposed on this layer so that water applied drop hy 
drop would be distributed evenly over the chemical layer. 
Sufficient water to saturate the 125 grams of sand plus that 
required for the desired surface application was dripped on 
the sand from burettes. Dropping rate was adjusted so that 
surface water was applied to the soil at about In, per 
day. 
The columns were allowed to stand for hours after 
all water had been applied. The soil wag then pushed from 
the tube, and successive 1/2 in. slices were cut from the 
soil column. Each section was mixed and put in a petri dish, 
except the last slice, about two in. from the bottom of the 
tube, vhidi was used for a soil moisture determination. On 
the basis of this result the moisture content of individual 
sections was adjusted to a uniform value. Then the assay 
previously described was conducted, Including a series of 
standards with each set of columns. Treatments in this ex­
periment included sterile and non-sterile soil, with non-
sterile soil leached at room temperature and at 34® G. Under 
each of these three conditions three chemicals at two levels 
of application were included, plus untreated checke. 
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The effects of SES, 2,^-DK and 2,^-D on the respiratory 
rates of germinating corn were examined with a technique 
similar to that used by Ragai and Loomis (195^). The corn 
used was the single-cross hybrid WF9 x Ml4. Ten grams of 
Arasan treated seed was placed on a filter paper in a res­
piration flaslc. Twenty milliliters of water or of a 100 pian 
solution! of SES, 2,4-DE, 2,4-D or its sodium salt were 
pipetted into the flasks. The flasks were closed and sealed, 
and oxygen consumption and carbon dioxide evolution measured 
periodically, using a Ealdane gas analyzer. The flasks were 
i 
ventilated after each measurement to preclude the acdoaula-
tion of OOg. 
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SXPSRIMENTAL RESULTS 
Comparison of Toxicity of SES, 2,4-DE and 2,4-D 
in Foliage Applioationa to Soybeans 
Th9 first experiment in this series was designed to 
cheek the relative toxicities of the three chemicals. Soy­
beans were sprayed with 10 ml. of solutions of 10 or 100 ppa 
2,^D, 1000 ppB SES, 1000 ppm 2,^DE or water alone as a 
check. The results are shown in Table 3. 
Table 3. Kew growth of soybeans 18 days after treatment 
with foliage spray applications of 
three chemicals. 
Treatment Grams green wgt. new growth^ 
Check 2.8^ 
SES, 1000 ppa 1.98* 
2,4-DE, 1000 ppm 2.12* 
2,4-D, 10 ppa 1.78* 
2,4-D, 100 ppffi 1.79* 
*L.S.D. a 0.52 
.05 
^Means of four replicates 
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In thl8 test all treatments, Including 1000 pihb SES, 
reduced growth below that of the checks, and, as there were 
no significant differences among the treatments, the results 
indicate that the toxicity of 2,^-.D in this experiment was 
10 to 100 times that of 2,4-DE and that foliage toxicity of 
SES was equivalent to that of 2,4-OE. 
In an elaboration of this experiment, 10 ml. of 10, 
100 and 1000 ppm solutions of each of the three chemicals, 
SES, DE, and 2,i|«-D, and also combinations of 10 ppa 
2,4-D with 100 and 1000 ppn of each of the other chemicals, 
were used as foliage sprajB. This series was used once 
with the addition of 0.25 percent of the wetting agent, 
Tergitol -7, and once without wetting agent. Without wetting 
agent, only five of the treatments reduced growth below that 
of the check plants. They were 1000 pjwi 2,ii-DE or SES plus 
10 ppa 2,4-D, and 2,4-D alone at 10, 100, and 1000 ppm. 
In the trial of this series in combination with wetting 
agent, the only treatments which did not reduce growth sig­
nificantly were 100 ppm 2,^DE and 10 ppm SES. After con­
ventional analysis, the data were transformed to percentages 
of check, and are so shown in Table k. 
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Table k. New growth of eoybeana 15-16 days after treatment 
with foliage spray applications of 
three chemioale. 
Green wgt. new growth ae percent of control 
Treatment Without wet- With wet-
ting agent ting agent 
Check 100.0 100.0 
2,4-DE 10 ppm 97.8 79.0** 
i.k-m 100 
2,iKD 10 
ppm + 
ppm 95.6 67.5** 
SES 10 ppm 94.8 89.5 
SES 100 ppm 91.2 81.it* 
SES 1000 PP® 89.8 79.1** 
2,4-DE 1000 ppa 8i^.5 61.6** 
SES 100 
2,4-D 10 
pm + 
ppra 83.9 73.2** 
2,k~m 100 PPO 76.5 98.8 
10 ppm 71.3* 64.0** 
SIS 1000 
2,4-D 10 
ppm + 
ppm 69.2» 50.0** 
2,4-.DE 1000 
2,4-D 10 
ppffl + 
ppm 58.1»« 67.4** 
2,if-D 100 PP® 22.8«* 20.9** 
2, 1000 ppm 6.6** plants dead 
*L.S.D. s 27.2 *L.S.D. = 16.3 
»*L.8.D. r 36.7 **L.S.D. = 20.9 
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It is obTiouB from a comparison of these data that the 
wetting agent increased the toxicities of the chemicals. 
Several inconsistencies can be seen in the order of effect­
iveness of the treatments applied with wetting agents. 
First, 2,4-Dl! at 100 ppm failed to reduce growth signifi­
cantly, while at 10 ppa it did result in a significant re­
duction. Second, the combination of 1000 ppm SES plus 10 
ppm 2,4-.D resulted in considerably greater growth reduction 
than 1000 ppm 2,i|-DE plus 10 ppm 2,^D, although at the 100 
plus 10 ppm levels of these two combinations, no difference 
in toxicity could be detected. The coefficients of varia­
tion of 28.8 percent and 20.0 percent for these two experi­
ments, respectively, may explain these discrepancies. 
Because of the high coefficients of variation, a test 
was conducted to assess the variability of the experimental 
material. A series of nine treatments was replicated five 
times, with each "treatment" actually an untreated control. 
No significant differences were found between treatment 
mean® in this test, and the coefficient of variation was 
23.2 percent. Thus it appeared that the experiments in­
volved a relatively large degree of heterogeneity among ex­
perimental units. 
Next the responses of soybeans to spray applications of 
2,k^W> and 2,4-D at several stages of growth were tested at 
rates of application of chemicals which would be comparable 
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to those used In field applications. Three stages were 
ohosen as follows: emergence Just beginning; cotyledons 
emerged but unlfollate leaves still folded between them, and 
unlfoliates 50 percent expanded. The chemicals and treat­
ment levels were as follows: 1/10 and 1 pound of 2,4-.D, 1/10 
and 1 pound of 2,4-DE, 1/10 pound or 2,^-D plus 9/10 pound 
2,4-DE» 1/5 pound 2,4-D plus V5 pound 2,4-DE, all on a per 
acre basis, and water checks. There were no significant 
treatment effects in any of these series. These rates were 
below those previously used and the younger plants exposed 
less surface to the spray. It is not clear, therefore, 
whether these plants were actually leas susceptible than 
those used previously. 
Toxicity of SES, 2,^f-DE and 2,4-D in Solution Culture 
In a preliminary experiment to ascertain the appropriate 
concentration of chemical and exposure Interval, 2,4-D and 
Zfk-TM solutions of 0, 10, 100 and 1000 ppm were used with 
an exposure Interval of one hour. The 1000 ppm solutions 
of both chemicals killed the plants quickly, in fact, the 
roots appeared to be dead after one hour's exposure to the 
solutions. The remaining treated plants showed marked evi­
dence of growth-regulator effects, but no significant dif­
ferences could be detected among the various treatments 
by an analysis of variance of the data. There were indloa-
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tlons that "both herbicidee had reduced growth of the plants 
at both treatment levels. 
The next solution culture test Included the following 
treatjaents: check, 100 ppm SES and 2,4-DE, each alone and in 
combination with 10 ppm 2,4-D, and 10 and 100 ppm of 2,^1—D 
alone. Exposure time in these solutions was 42 hours. Data 
obtained from this experiment are shown in Table 5. 
Table 5. New growth of soybeauns 10 days after a 42 hour ex­
posure of roots to aqueous solutions of 
growth regulators. 
Treatment G-rams green wgt. new growth^ 
Control 1.40 
SIS 100 ppa 1.03 
SES 100 ppa + 2,4-D 10 ppm 0.79** 
2,4-DE 100 ppm 0.53** 
2,4-»D 10 ppffl 0.50** 
2,4-D 100 PPO o.39»» 
2,4-DE 100 ppm + 2,4-D 10 pm 0.30*» 
*L.S.D. s 0.51 
»*L.3.D. = 0.61 
^Means of 3 replicates 
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In this experiment no significant reduction In growth 
resulted from the 100 ppm SES treatment, while all other 
chemical treatments caused highly significant growth reduc­
tions. fhese reductions were not statistically different 
among themselves, so no relative ranking of the treatments 
In order of toxicity Is strictly valid. However, It Is In­
teresting to note that 100 ppm 2,4-DE alone was the second 
least toxic treatment, while 100 ppm 2,4-DE plus 10 ppm 
2,k^V was most toxic when the treatments are ranked In order 
of observed growth response. 
In the next test five replicates were used rather than 
three. The plant roots were Immersed for 24 hours In the 
following solutions; water check, 10 and 100 ppm 2,4-D, 
100 ppm 2,4-DE, and 10 ppm 2,4-0 plus 100 ppm 2,4-DE. The 
results obtained in this test, shown in Table 6, corroborated 
the previous experiment. 
Ten and 100 ppm 2,4-D alone and 100 ppm 2,4-.DE alone 
reduced new growth considerably below that of control, while 
the combination of 10 ppm 2,4-D plus 100 ppm ethanol gave 
an even greater decrease which was significantly below that 
of the single herbicide treatments. 
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Table 6. New growth of soybeans in solution culture 8 days 
after a 2k hour exposure of roots to aqueous 
solutions of growth regulators. 
Treatment Grams green wgt. new growth^ 
Control 1,76 
10 ppm 0.96*» 
2,4-D 100 pjMi 0,60** 
2,^DE 100 ppm 0.53** 
2,^DE 100 ppm - 2,4-D 10 ppm 0.14** 
*L.S.D. ^05 = *17 
•*L.S.D. m .24 
^Means of five replicates 
In the final nutrient culture experiment, replicates 
were treated on successive days. Treatment duration was six 
hours, and the solutions were as follows: water control, 10 
and 100 ppm 2,4-DE, 10 and 100 ppm 2,4-D, and the combina­
tions of 10 ppm 2,4-DE plus 90 ppm 2,i|~D and 10 ppm 2,4-D 
plus 90 ppm 2,4-DE. These solutions were buffered at pH 7.0 
to 7.2 with 0.08 M phosphate buffer. Data obtained are 
shown in Table 7. 
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Table 7. New growth of soybeans in solution culture 15-18 
Says after 6 hours' exposure of roots to 
aqueous solutions of growth regulators 
at pH 7.0-7.2. 
Treatment Grams green wgt. new growth^ 
Control 2.83 
2,4-DS 10 2.77 
2, 10 ppi 2.58 
2,4-D 100 ppa 1.79** 
2,if-DS 10 ppm + 2,4~D 90 ppn 1.67** 
2,^DE 90 ppm + 2,4-D 10 ppm I.l6«* 
2,4-DE 100 pjSB 1.02** 
*L.S.D. = 0.27 
*»L.S.D. = 0.37 
^Meane of five replicates. 
Neither 2,4-DE nor 2,4-D reduced growth significantly 
at 10 ppm, but all other treatments did cause significant 
reductions. Furthermore, when all or most of the phyto-
toxicity was due to 2,ifr-.DE, greater growth reductions occurred 
than when 2,4-D was the primary toxicant. There appears to 
be a reversal of this trend at the low treatment level, but 
differences between these responses were within the limits 
of experimental error. 
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Toxicity of Corabinatlons of SES, 2,4-DE and 2,4-D on 
Ououmber Seedlings, and Effect of Addition of 
Mineral lone to These Ghemicals 
To test the poesibility that certain mineral ions 
might influence the conversion of SES to a toxic form, or 
be involved in plant reaction to the chemical, a series of 
solutions containing such lone was added to both sterile and 
non-eterlle soil samples which had been treated with SES at 
100 ppm. Ca{N0^)2, MgSOj^, KOI - KH2K)2^, Fe2(S0j^)^, NHj^NO^, 
KN0|2, KCl - solutions or a solution 
containing manganese, zinc and boron were added to soil one 
day before application of SES and planting of seed. In this 
preliminary experiment N%NO^ seemed to be aesociated with 
gome increase in toxicity of SES in sterile soil. Therefore, 
a more detailed test was devised in which (NHj|j^)2S0j|^ and 
NBj^O^ were applied to sterile and non-sterile soil with SES, 
three days prior to planting cucumber seed. No increase 
in toxicity was found in the presence of the ammonium salts 
in either sterile or non-sterile soil. 
It appeared from this brief survey that more promising 
fields of investigation should be exploited before further 
work in this area could be justified. To this end the 
possibility was tested that a small amount of the decompo­
sition product of SES might catalyze its activation in the 
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BOll, or that a small amount of 2,^D might activate 2,4-DE 
In the soil. Soil samples were treated with each of these 
oompoundB Individually and In combinations. was used 
at levels of 10 and 1 ppa In the soil solution, 2,4-DE and 
SSS at 1,9 and 10 ppm, and 2,^D at 1 ppm was combined with 
2,^-DS and SSS at 9 ppn. Untreated controls were Included, 
and all treatments were made on sterile and non-sterlle 
soil. The reeulte of this experiment are shown In Table 8. 
The analysis of variance Indicated that there was a 
highly significant difference between sterile and non-
sterile soils, and that an Interaction between chemical 
treatments and sterility or non-sterility existed, that is, 
in general the chemicals were more toxic in non-sterile soil, 
but they did not all respond alike In this respect. , SES was 
without effect in sterile soil but wag highly toxic In non-
sterile soil. 2,4-DE was toxic in sterile soil, but it too 
was more toxic in non-eterile soil. 2,^D was not consistent, 
showing significantly less toxicity at 1 pi«Ji In non-sterile 
soil, where the small quantity of toxin may have been des­
troyed by soil organisms (cf. Mitchell and Marth, 19^6, and 
others), and no difference with soil treatment at 10 ppm, 
presumably because 10 ppa was too high a concentration for 
complete detoxification in the available time. If treatment 
effects of all 10 ppm levels of application In non-sterile 
soil are compared, no significant differences are found, and 
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Table 8. Hypocotyl growth of cucumber seedlings grown k 
days in soil treated with SE3, 
2,^DE and 2,4-.D. 
Length of hypocotyl in mia.^ 
Treatment Sterile Non-eterile 
soil soil 
Control 78.5 79.6 
SES 1 ppm 73.7 67.9 
SES 9 ppm 7^.0 27.5** 
SES 10 ppm 71.9 29.3** 
2,4-DE 1 ppm 67.0 73.9 
2,4-DE 9 PI® 57.1»* 39.2<^* 
2,4-DE 10 ppm 51.5»^ 30.2** 
2,4-D 1 ppm 59.5** 75.5 
2 ^ 10 ppm 35.8** 30.2*» 
2,4-"D 1 ppm - SES 9 ppm $6 A** 31.9** 
2,lh-D 1 ppm - 2,4-DE 9 ppa i^8.9** 28.7** 
*L.S 
•*L.S 
.D. between 
• D. * 
chemicals 
It 
.05 
.01 
a 11.8 
= 16.2 
^Meane of three replicates. 
-40-
th© 9 and 10 ppm levels of SES and 2,if-DE resulted in In­
hibitions of the same statistical magnitude. Similarly, 
none of the 1 ppm treatment levels reduced seedling growth 
significantly, except 2,4-D in sterile soil, and finally, 
the combination treatments, totalling 10 ppm of growth reg­
ulators, resulted in growth inhibition which was not sig­
nificantly different from single-chemical treatments of the 
same total concentration. Evidently no activation of one 
of these chemicals by another occurred in this experiment. 
Environmental Influences on Toxicity of 
SES, 2,J^DE and 2,^D 
In an attempt to confirm the rates of activation of 
SES reported by Vlitos {1952b), moist soil samples were pre-
treated by incubation at 30® C. to maximize microbiological 
activity, treated with SES, incubated for 0, 30, 60, 90, 
120 and 180 minutes at 30® C., and then autoclaved to pre­
vent further biological action. They were then assayed by 
the cucumber hypocotyl elongation technique. The results 
of this experiment are shown in Table 9. 
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Table 9. Cucumber hypocotyl growth in soil samples treated 
with SES before autoclavlng. 
Length of incubation period in Length of hp)000tyl 
non-sterile soil (minutes) in mm.l 
0 41.0 
30 29.3** 
60 26.8** 
90 22.5** 
120 19.5** 
180 21.0*« 
Unsterilized 5.0** 
*L.S.D. ^05 = 4.6 
**L.S.D. a 7.3 
n 
"^Means of three replicates 
These results show that activation of SES begins very 
quickly in the soil, but that three hours was not sufficient 
time for complete conversion of the parent material in this 
experiment. 
As a point of interest, and to check on the relative 
sensitivity of hypocotyl measurements against measurement of 
primary root elongation, the coefficient of correlation be­
tween hypocotyl length and primary root length of seedlings 
in this experiment was found to be + 0.92, and highly signi­
ficant. This result further justified measurement of hy-
poootyls rather than the somewhat more sensitive primary 
roots. The original reason for this choice was the greater 
convenience and speed with which hypocotyls could be measured 
compared with roots, idiioh had to be very carefully removed 
from the soil and washed before measurement was possible. 
A preliminary experiment testing the effects of storage 
period, temperature and soil sterility on activation of SES 
indicated that no activation occurred in sterile soil, and 
that a longer incubation period was required for activation 
at 2®C. than at 26®C., although activation appeared to be 
complete after 66 hours at the lower temperature. 
A more comprehensive experiment was designed to study 
the effects of rates, incubation time and temperature 
simultaneously by a factorial arrangement. Soil samples 
were treated with three levels of SES, 0, $0, and 100 ppm, 
and were incubated at 10°, 20®, and 30® 0. for periods of 
0, 1 1/2, 3 and 6 hours. The soils were then autoclaved 
and the cucumber bioassay performed to determine the acti­
vation of the SS^l. The results of this experiment are shown 
in Table 10, and the factors causing significant differences 
have been summarized in Table 11. 
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Tabla 10. Cucumber hypocotyl growth in eoils treated with 
SES and stored at various temperatures 
for different lengths of time.^ 
Treatment Temp. 
ppo OC. • 6 1.^ 3 6' 
10 62.6 46.3 47.1 67.1 
0 20 48.9 50.3 58.0 53.6 
30 52.7 51.5 58.7 58.2 
10 49.2 30.0 34.4 25.3 
50 20 50.2 34.4 26.9 22.6 
30 55.9 27.1 22.1 13.7 
10 40.9 23.1 21.3 16.3 
100 20 35.5 18.0 21.3 12.0 
30 26.9 14.6 
Means of 
Incubation periods; 
C
O
 
•
 34.2 32.7 31.6 
Treatment levels L.S.D. = 3.5 
.01 : 4.7 
Incubation periods L.S.D. =4.1 
• "5 
.01 = 
^Data are hypocotyl growth in mm., means of three 
replicates. 
Table 11. Summary table of data from Table 10 showing the 
effects of treatment level and Incubation 
period on hypocotyl elongation with 
effects of temperature during 
incubation omitted. 
Incubation period 
(hrs.) 
Treatment level 
1 ft 0 50 100 
0 55.2 51.8 36.9 
1 1/2 49.4 30.5 21.6 
3 54.5 27.9 19.1 
6 59.6 20.5 14.7 
Treatment level® L.S.D. = 3.5 
.01 = ^-7 
Incubation period L.S.D. a 4.1 
.01 = 5.4 
Analysis of variance of these data indicated that the 
temperature of 10 to 30° 0. during storage had no significant 
Influence on the rate of conversion in this test. Evidently 
the micro-organisms responsible are not adversely affected 
at temperatures no lower than 10® C. There were significant 
differences in conversion at treatment levels, both between 
0 and 50 ppm and between 50 and 100 ppm. Length of incuba­
tion period also influenced conversion significantly, but 
the only difference was between zero incubation and all 
others. The interaction of rates x Incubation periods was 
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highly significant, and emphasizes the face that at zero 
rate of treatment no differences due to incubation period 
were found, while at both 50 ®^nd 100 ppm, toxicity increased 
with time. The large difference in inhibition between 50 
and 100 ppm at 0 time is probably due to conversion which 
occurred in the brief interval between treatment and auto-
claving. The 100 ppm treatment was made first, and a total 
of 2 to 3 minutes intervened between the actual application 
of the solutions to the soil and the attainment of operating 
pressure in the autoclave. 
The effects of soil moisture levels on activation of 
SES were studied by incubating 25 ppm of the chemical in 
Webster sllty clay loam at 26® C. for I3 hours at 2.9, 11.5» 
16, 20, 25, 30, 35» 40, 50, and 60 percent moisture, auto-
claving, and performing the cucumber bioassay to determine 
activation of SES. Field capacity of this soil was 21.9 
percent. Results are shown in Table 12. 
All moisture levels except the lowest, 2.9 percent, 
were adequate for activation. Even the 11.5 percent sample, 
which was at or below the permanent wilting percentage, 
showed rapid activation. A trend toward a reduction in 
activation seemed to appear as moisture was increased to 
high levels. 
-if6-
Table 12. Cucumber hypoootyl growth In soils treated with 
SSS and incubated for 13 hours at 
various moisture levels. 
Moisture percentage Hypoootyl length in mm. 
Untreated checlc ^7.3 
2.9 ^5.7 
11.5 27.0** 
16 26. 
20 32.1** 
25 28.6** 
30 27.6** 
35 21.8** 
ko 24.1** 
50 29.1** 
60 38.8** 
*L.S.D. ^05 = 3.^ 
••L.S.D. = 1^.6 
• wi 
-47-
Leaohtng of SES, 2,4-DE and 2,if-D in Soils 
Prellfflinary experiments fieslgnefl to establish the most 
favorable treatment levels for leaching studies Indicated 
that 1 to 10 ppffi of herbicide in the soil solution was the 
range In which the assay was most sensitive, and that 1/k 
in. of water as a surface application to soil columns which 
were already above field capacity was sufficient to cause 
movement of the chemicals through the soil. In Table 13 
the results of one such experiment are shown. SES, 2,4-DE 
and sodium salt of 2,4-D were applied to the soil at two 
treatment levels, 11 mg. and 22 mg., representing 2.8 and 
5.6 lb./acre, respectively. Water was applied at 1/2 and 1 
surface ln<^®8 to columns at each treatment level, and the 
data reported are growth made by cuaimber seedlings in each 
half-inch slice as a percentage of growth of appropriate 
controls. 
It can be seen that movement in the soil increased 
with Increaeing rates of application of the chemicals. The 
sodium salt of 2,4-D was readily leached, as would be ex­
pected from Its solubility in water. SES was next most 
readily leached, and it, too, is water soluble. 2,4-DE was 
markedly less mobile than either of the others, and there 
appeared to be a direct relation between level of initial 
application and subsequent movement of this compound which 
Table 13. Cucumber hypocotyl growth in successive half-inch layers of soil treated 
with SES, 2,4-1)1 and 2,4-D, and subsequently leached. 1 
Chemical 
Applica- SES 2.4~PE 2.4-P 
tlon,iag. n 55 n 25 11 22 
Leaching 
level i 1 il il il il 
Sec. no. 
1 8 14 8 8 8 8 8 8 8 11 8 8 
2 8 8 8 8 8 8 8 17 8 8 8 8 
3 8 12 8 8 48 17 58 10 6 8 8 8 
k ll* 40 8 11 107 227 80 60 20 11 8 8 
5 70 115 17 95 117 109 87 103 15 8 
6 128 120 103 
^Growth as percentage of control. 
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was not evident with the other chemicals. 
Further work on the amount of leachate necessary to 
cause movement indicated that 1/4 to 1/2 in. of water was 
adequate. The treatment levels of 11 euid 22 mg., however, 
were too high for accurate measurements of the slowly moving 
chemicals. 'When these were reduced to 0,71 and 1.42 mg., we 
estimated that concentrations in the soil solution in the 
1/2 in. layer receiving the chemicals were 32 and 64 ppm 
respectively. Our method was capable of differentiating 
between these and lower, but not between these and higher 
levels. 
Tests were run under these conditions with the three 
soils, Luton silty clay, Webster silty clay loam, and 
Fayette medium silt loam under three sets of conditions; 
(a) unsterilized soil leached at room temperature, (b) un-
sterilized soil leached at 0.5° C., and (c) sterile soil 
leached at room temperature. Each chemical was used at 
levels of 0.71 and 1.42 mg., and leaching water was applied 
at the rate of 1/4 in. Standard series of herbicide ooncen~ 
trations were assayed and curves constructed from them for 
comparison with the leached sections. With the compilation 
of data it became evident that concentrations would not be 
very meaningful, as most of the individual column totals 
failed to account for all the chemical applied. Therefore, 
the results which are shown in Tables 14, 15 and 16 represent 
Table 14. Cucumber hypocotyl growth in successive half-inch layers of Luton sllty 
clay treated with SES, 2,4-DE and 2,4-D and subseqpently leached.^ 
Sec- Non-sterile soil, Ifon-sterile soil, Sterile soil, 
tion rooffi temp. 0.5® G. roojs temp. 
no. 
SES 2.4-UE 2.4-D SES Z,k~m 2.4-D SES 2.4-DI5 2.4-D 
^g g ^ ^ g 
1 23 2 
CO H
 17 7 40 14 19 19 24 25 63 72 30 12 38 13 
2 55 20 89 70 68 82 51 61 101 83 64 98 94 83 73 50 84 35 
3 115 121 94 103 95 76 77 105 113 96 107 107 103 112 66 72 90 57 
4 112 148 72 114 110 105 112 101 116 108 118 120 102 104 100 102 91 102 
5 113 120 88 89 127 106 115 104 112 104 102 142 122 95 84 99 98 93 
6 112 107 106 98 113 94 106 111 108 102 111 87 98 117 105 97 109 115 
^Growth as percentage of control. 
= 0.71 mg. per coltBBit 
H « 1,42 mg. per column 
Table 15. Cucuaber hypocotyl growth in successive half-inch layers of Webster sil-
ty ©lay loam treated with SSS, and etibaequently leached.^ 
Sec- Non-eterile soil, Son-sterile soil, Sterile soil, 
tion room temp. 0.5® 0. room teap. 
no. 
SES 2«4-DE 2.4-D SSS 2.^DE 2.4-D SSS Z.lh-JM 2.4-D 
12 H ITT L H T—S r"""! E—H L It L fi 
1 26 ^7 22 3i»- 38 39 17 49 17 5^ 61 92 75 46 21 43 8 
2 85 50 88 88 56 59 92 58 130 78 132 83 92 92 86 81 81 43 
3 96 75 98 81 104 78 108 9^ 64 134 74 76 117 11^ 94 126 66 80 
If 101 91 83 97 92 84 94 57 138 100 70 191 104 113 119 85 97 92 
5 95 89 98 86 89 99 116 117 96 115 97 108 101 119 114 102 84 80 
6 88 132 90 85 97 113 106 136 146 104 85 106 105 107 108 104 100 104 
^Growth as percentage of control. 
« 0.71 mg, per column 
H a 1.42 mg, per colusin 
Table l6. Cucumber hypocotyl growth In successive half-Inch layers of Fayette silt 
loaai treated with SES, 2,^PS ana 2,4-D and subsequently leachefl.^ 
Sec- Non-sterile soil. Non-sterile soil, Sterile soil, 
tion room temp. 0.5® C. room temp. 
no. 
SES 2.4-1) SES 2.4-DS 2.^1) SES 2.4-DE 2.^1? 
t2 H ITT L B T:—5 T^ t i' n -t—5 
1 92 61 6 6 19 65 9 5 6 5 21 9 84- 52 5 24 9 6 
2 53 8 15 6 98 111 26 7 61 48 39 9 74 90 9 38 10 4 
3 97 20 80 44 105 101 53 53 88 106 94- 128 101 80 94 63 46 10 
if 95 97 102 89 107 120 100 93 76 133 80 100 114 113 79 58 108 27 
5 95 105 77 86 91 99 79 102 85 115 128 118 59 72 89 50 92 12 
6 76 111 107 93 93 95 176 66 64 84 92 114 93 121 98 52 97 47 
^Growth as percentage of control 
= 0.71 mg. per colUEin 
H s 1.^2 mg. per column 
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th« growth of the test hypoootyle expressed ae percentages 
of appropriate, untreated oontrole. These figures bear an 
inverse relation to the chemical actually present in any 
particular section. 
The following indications and trends appear among the 
results. The chemicals apparently moved more in the 
Fayette silt loam than in either of the other soils. There 
seemed to be more leaching of chemicals applied at the 
higher rate, and of the three chemicals, SES and 2,4-D were 
more mobile, with the exception that 2,4'-DE was leached 
readily in the Fayette soil. There is no evidence of the 
movement of SES in sterile soil, although it should have 
occurred. Sterilization seemed to have no appreciable ef­
fect on the movement of 2,4-DS or 2,4-D, nor did leaching at 
low temperature appear to differ from leaching at room temp­
erature. In most cases there was no evidence of a toxicant 
at levels below 1 1/2 in. Exceptions occur in 2,4-DE and 2,^-D 
leached in Fayette soil, which, in the case of non-sterile 
soil in the cold and sterile soil at room temperature, moved 
at least as deep as 3 in. 
-5^ -
Effects of SES, 2,^DE and 2,^D on Respiration 
of Germinating Grain 
Two experiments were conducted to compare the effects 
of the chemioals on respiration of germinating corn as a 
further test of differential toxicity. In the first, 
separate hatches of seed were used to obtain each value, 
which represents the mean of duplicate samples. The time 
indicated is the midpoint of a period of 16 to 22 hours 
during wMch respiration was measured. The data are shown 
in Table 17. 
Table 17. Oxygen uptake of corn grain germinated in solu­
tions of 2,4-DE and as percen­
tages of control. 
Tim® 
Chemical 36 hr. ^6 hr. 66 hr. 
2,4-DS 95.5 111.2 93.2 69.1 
2,4-D 95.5 102 69.6 68.1 
In the second experiment, SES, 2,4-DE and 2,it-D were 
compared. Successive measurements were made on duplicate 
lots of seed, with forced aeration of the flasks after each 
gas analysis. In this test OO2 evolution was used as the 
measure of respiratory rate. The respiratory quotients were 
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eseentlally unity throughout, so the results are comparable, 
fhe data of the second experiment are shown in Table 18. 
Table 18. Carbon dioxide evolution of corn grain germinated 
in solutions of SES, 2,4-DE and 2,^D, 
as percentages of control. 
Time 
Chemical 6 hr. liJ hr. 3b hr. ij'5,5 hr. 65.5 hr. 
SES 93 123 110 99 86 
2,i+-DE 120 150 108 93 105 
2,i+-D 106 12^^ 83 80 73 
Responses of respiration to the three chemicals fall in­
to three categories, all of the same general nature. SES 
caused a slight initial stimulation, followed by a slight 
depression of respiratory rate. 2,4-DE in one test caused 
a greater initial stimulation than 2,4-D, falling more 
slowly to the same level of inhibition, and in the second 
test it caused definitely greater stimulation which did not 
fall below control during the experiment. It would then 
appear that a small amount of SES was activated in this ex­
periment , but not enough to indicate which of the response 
patterns the active substance would resemble. The magni­
tude of initial inhibition resembles that of 2,4-D, but the 
subsequent responses are more suggestive of 2,i|-DE. Enough 
—5^ "" 
file similarity exists between responses to 2,4-15 and 2,4-DE 
to warrant the suggestion that these two compounds are 
acting in a somewhat different manner. Whether this dif­
ference is due to differential absorption or differential 
effect on metabollBm le not clear. 
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DISCUSSIOH 
Among the factors which Influence the relative phyto-
toxicities of SES, 2,4-DE and 2,4-D are conversion of the 
Inherently non-toxic SES to an active form, the actual 
toxicity of the active compounds, 2,4-01 and 2,4-D per se. 
and the disappearance of these chemicals from treated soil. 
Soil moisture, soil temperature, and Inherent rate of 
reaction may affect the activation of SES, Conversion of 
SES occurred readily in non-sterile soil at or above the 
welting percentage, but not in air-dry soil. Soil tempera­
ture did not appreciably influence conversion in the range 
10® to 30® C., although conversion was noticeably slower at 
2® C. than at higher temperatures. Concentration of applied 
SES solutions was not an important factor in activation, nor 
was time required for conversion excessive, as appreciable 
conversion occurred within 30 minutes. Among the soils used 
in all these experiments there was none which appeared to 
lack the microflora necessary for the activation of SES. 
Activation of SES was not catalyzed by the addition of 
either of two of its possible decomposition products to 
sterile soil treated with SES, nor wag there evidence for 
the participation of a mineral ion in this reaction. 
A number of experiments conparlng toxicltlefl of SES 
and its two probable conversion products, 2,U-DE and 2,4^D, 
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falled to establish different toxicity levels of the compounds 
as the basis for low herbicidal effectiveness of 8ES. It did 
appear that 2,^-DE was somewhat less toxic than 2,4-D, par­
ticularly in foliage applications. Reduction in growth of 
soybeans by foliage applications of 1000 ppm SES in some 
experiments may have been due to unintentional application 
of chemical to the soil where it would have been activated 
and absorbed by the roots. Otherwise, SES was not found 
to be toxic per se. 
No evidence of synergism was found in tests of combina­
tions of 2,4-DS and 2,4-D. The addition of wetting agents 
markedly Increased toxicity of foliage applications of both 
chemicals, but did not help to explain differences in their 
toxicities. There was less difference in toxicity of 
equivalent concentrations of 2,4-DE and 2,4-D on seeds ger­
minating in soil than in foliage spray teats. Also, combina-
tiona of the two toxicants resulted in growth inhibition 
equivalent to that of an equal amount of the dominant com­
pound in the mixture. 
The results of the solution culture tests differed from 
those obtained with foliage or soil treatments in that 
2,4-DE was more toxic than 2,^D. Combinations of the two 
were definitely more toxic than equivalent 2,4-D treatments 
in two of three e3?)erimente, and somewhat more toxic than 
equivalent 2,4-DE in two experiments. In solutions buffered 
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at pH 7.1, treatment with 2,4-DE and 2,4-D at 9tl was sig­
nificantly more toxic than the 1:9 treatment. The 10 ppm 
levels of 2,4-D and 2,4-DE did not cause significant growth 
reductions at pH 7.1, while in unbuffered solutions whose 
pH dropped as low as 5.5 this level of 2,4-D, but not 
2,4~DE, reduced growth significantly. These results are in 
agreement with those of Simon and Beevers (1952) who found 
greatest toxicity of 2,^D at or below the pK of this weak 
acid. Greater acidity should result in Increased absorption 
of 2,^D both by increasing the concentration of undissocl-
ated 2,4-D and by increasing the permeability of the plasma 
membrane (Loomls, 195^). This last factor would also con­
tribute to increased absorption of 2,4-DE, which, as it is 
non-ionic, would not be affected otherwise. The 10 ppm 
solutions would be expected to be most sensitive to the pH 
effect as they were close to the threshold for toxicity, 
but similar results can be found in comparisons of the 100 
ppm 2,lh-D treatments when calculated as percentages of 
control. The effects of pH on relative toxicity are con­
founded with soil types in the leaching experiment, but 
results indicate greater toxicity of both herbicides in the 
acid Fayette than in the alkaline Webster soil. 
Respiration studies showed that 2,4-D was slightly more 
toxic than 2,4-DE, but did not seem to warrant a generaliza­
tion which could be extended to explain results in the field. 
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Leaohing behavior of SES wag not very different from 
that of 2,^DE and 2,4-D, although In one experiment leaching 
of SES before conversion may have been the cause of low 
toxicity In the treated surface soil layer. There was little 
basis for an explanation of herbicldal failure of SES on the 
basis of removal of it or its active end-product by leaching 
from the surface soil. 
The results of these studies provide a possible explana­
tion of failures of SES as an herbicide under field conditions. 
When SES is applied to the air-dry surface layer of field 
soils, it may remain unactlvated, even though the subsurface 
soil is moist enough to permit germination and growth of 
crops and weeds. The apparent superiority of combination 
treatments of SES and Z,h-D {Staniforth and Bakke, 1953) 
be due to the presence of an initial D concentration 
sufficient to inhibit weed development, with & continuous 
activation of SES maintaining a toxic concentration of 
herbicide in the soil. There was no indication that 2,4-DE 
is of a lower order of toxicity than Z,lh-D in soil treat­
ments. Therefore, it Is not probable that low toxicity of 
the active end-products of SES is responsible for failure 
of SES as an herblde. The possibility that poor results 
with SES in the field might be due to leaching of the chemi­
cal before activation, or to excessive leaching of the 
toxic form, was not confirmed In these e3?)erlments. This 
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study did show that somewhat less movement might be expected 
ffom 2,4-DE than from 2,iuD. 
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SUMMARX 
1. The toxloitlea of 2,4-dlchlorophenoxyeth.yl sulfate, 
{SES), 2,^-dlolilorophenoxyethanol, (2,i|-DE), and 2,4-dl(diloro-
phenoxyaoetic aold, (2,^D), were compared. Growth responses 
of soybeans to foliage sprays and root Immersion in solu­
tions of the three chemicals, respiration of corn germinating 
In solutions of the chemicals, and growth of cucumber seed­
lings In treated soil were used as criteria of the toxicity 
of the three materials. Various treatment concentrations, 
combinations of chemicals, soil moisture and temperature 
levels and various leaching conditions were studied as in­
fluences on the toxicity of the three chemicals. 
2. SES itself was not toxic per se in applications to sterile 
soil. 2,4-DE was 1/10 to 1/100 as toxic as 2,^D in foliage 
applications, but only slightly less toxic in soil treatments 
or in inhibition of respiration. 2,4-DE was more toxic than 
2,M-D in solution culture, and combinations of both chemi­
cals were more toxic than either alone. 
3. Conversion of SES to a phytotoxlc form was limited in 
soil by moisture levels near air-dry. Soil temperature, 
herbicide concentration and time for activation did not limit 
the effectiveness of SES applied to soil as a germlnative 
toxicant. Catalysis of conversion of SES in sterile soil by 
2,4-DE, 2,^1), or mineral ions was not observed. 
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k'. SES was usually converted to an active compound before 
appreciable leaching occurred. When applied to a very 
permeable soil, Fayette medium silt loam, sufficient leaching 
of the SES occurred before conversion to eliminate most 
toxicity from the surface 1/2 in. of soil. Neither 2,^-DE 
nor 2,4-0 leached appreciably in this experiment. 
5. These results indicate that the herblcidal effect of 
field applications of BES may be limited by soil moisture 
conditions at the time of, and follovdng, treatment. Soil 
temperature, soil type, rainfall and treatment concentra­
tion effects were of little importance in the rate of con­
version of SES, and are not considered to be seriously 
limiting factors in the use of SES as an herbicide. 
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